ABSTRACT The role oftissue interaction in the development of hormone responsiveness was studied in the embryonic mammary gland of the mouse, which becomes sensitive to testosterone on day 14. Previously, the mesenchyme had been identified as the sole target tissue for the hormone, although it-was also demonstrated that its response to testosterone required the presence of mammary epithelium. Using autoradiography, we now show that
those mesenchymalcells closest to the epithelial mammary bud. When mammary epithelia were experimentally associated with mesenchyme of the mammary region and cultured together for 3 days in vitro, they also became surrounded by several layers of [3H]testosterone-binding mesenchymal cells. Correspondingly, this tissue association was accompanied by a substantial increase of androgen-binding sites in the explants. No hormone-binding mesenchymal cells were seen in combinations with epidermis or pancreas epithelium; only salivary epithelium showed a weak positive effect. From these results we conclude that mammary epithelium induces the formation of androgen receptors in adjacent mesenchyme and thereby controls the development of androgen responsiveness in this tissue.
The ability to respond to hormones is a differentiative property ofcertain tissues and organs acquired during ontogenesis. Hormone responsiveness is known to depend on the presence of specific hormone receptors, and the appearance ofreceptors in embryonic and postnatal life has been described for several organs (1) (2) (3) (4) . However, the developmental processes responsible for the initiation of receptor synthesis are still unknown. Because hormone action requires preexisting receptors, it follows that the hormone itselfcannot be the inductor, although it may later regulate receptor level or induce the formation ofreceptors for another hormone (5) . The development of hormone sensitivity is more likely dependent on the same processes that govern embryonic organ development in general, the most important of these being short-range tissue interactions (6, 7) .
For several reasons, the embryonic mouse mammary gland is ideally suited for studies of the development of hormone responsiveness. In 14-day male fetuses, testicular androgens cause the partial or complete destruction of the mammary buds (8) by direct action on the organ anlage (9) . The stage when the gland becomes responsive to testosterone has been precisely defined (10) , and the associated mesenchyme has been identified as the target tissue for the hormone (11, 12) . Thus, the epithelium of the gland is destroyed by testosterone-activated mesenchymal cells rather than by direct hormone action.
Although the mesenchyme is the sole target for testosterone, its response toethe hormone still depends on the presence ofthe gland epithelium. No reaction was seen in isolated mesenchyme or when mammary epithelium was replaced by epithelia of other organ' rudiments in experimental tissue combinations. In association with mammary epithelia of other species (rat, rabbit), however, the usual mesenchymal reaction to testosterone did take place (13) . Such an organ specificity but no species specificity is a characteristic feature of embryonic tissue interactions (6) .
The requirement for specific tissue association for hormone responsiveness suggested that the epithelium may influence the development oftestosterone sensitivity in the mesenchyme. Indeed, our earlier results showed that only those mesenchymal cells closest to the epithelial gland bud, at least from day 12 onwards, take part in the testosterone response on day 14 (13) . Using experimental combinations ofmammary epithelium with mesenchyme, it was also found that the tissues must be associated no later than on day 12 to produce a hormone response on day 14 (unpublished data). Both results suggested the possibility that the mesenchyme must be preassociated with epithelium to become reactive to testosterone. By analyzing the appearance and distribution (with respect to the epithelium) of [H]testosterone-binding cells, both in the gland in situ and in experimental epithelium-mesenchyme combinations,, we have now tested directly whether mammary epithelium in fact induces development oftestosterone receptors, and thereby hormone sensitivity, in the mesenchyme.
MATERIALS AND METHODS
Tissue Combination and Culture Procedures. All tissues were from (BALB/c x C3Hf) hybrid mouse embryos, the day ofdetection ofa vaginal plug being taken as day 0 ofpregnancy. Tissues were taken from female embryos only, to avoid interference of [3H]testosterone binding by endogenous testicular androgens. The standard combination experiments were done with mammary tissues of 12-day embryos. The epidermis with the mammary buds was cleanly separated from the underlying mesenchyme as described (11) . For recombination cultures, only those parts of the mesenchyme that had not been in contact with a mammary bud before tissue separation were used. Ten individual mammary epithelia were placed on one piece of mesenchyme. Tiypsin-isolated (14) epithelia of the 13-day salivary gland and the 11-day pancreas were associated with mammary mesenchyme in the same way. During subsequent culture ofthese combination explants at the medium-gas interface (see ref. 11) 14- day (female) embryos: with adjacent skin taken from the area between mammary buds ("intermammary skin") or from the shoulder region ("dorsal skin"), with two organs known to be androgen responsive in the adult mouse [salivary gland (18) 14, this characteristic population of hormone-binding mesenchymal cells persisted, and its location remained the same during the outgrowth of the epithelial sprout into the deeper mesenchyme (Fig. 3) (Fig. 4) (24) , that the mesenchyme is the target tissue for testosterone (11) . It was further shown by the autoradiographs that androgen receptors are not present at the same level throughout the mesenchyme of the entire mammary region but are restricted to, or at least greatly increased within, a well-defined subpopulation of cells surrounding each gland bud. This suggests that mammary epithelium induces the formation of androgen receptors in adjacent mesenchymal cells, and the results obtained with epithelium-mesenchyme recombination cultures have substantiated this conclusion. The alternative explanation for the characteristic distribution of androgen-binding cells-i.e., that the epithelium attracts preexisting receptor-rich cells-can be excluded because association with mammary epithelia also resulted in a substantial increase in the total number ofbinding sites in mesenchymal explants. Earlier experiments of a different design, using androgen-insensitive (Tfm) tissues for combination cultures (13) , have already demonstrated that the response of the 14-day mammary gland does not depend on migration of mesenchymal cells to the bud, at least not after day 12. Induction of mesenchymal androgen receptor formation by mammary epithelium explains both the autonomous development ofandrogen responsiveness in explanted intact glands (10) and the dependence of the mesenchymal response on close association with a mammary bud (13 as soon as the primordial mammary bud has formed, because the first effects were already seen in autoradiographs of 12.5-day glands. It is worth noting that the more sensitive scintillation measurements revealed androgen receptors in neighboring skin, too, although at a much lower level and therefore not detectable in standard autoradiographs. Presumably then, the gland bud causes a substantial increase of a differentiative property rather than its de novo appearance, a phenomenon not uncommon in embryonic tissue interaction [e.g., in cartilage induction (25) ]. Mammary epithelium may also differ from other epithelia only in the degree of its inductive capacity, as suggested by the adepidermal localization of receptor-containing dermal cells in long-exposure autoradiographs ofskin, or by the few but definite cases ofandrogen receptor induction by salivary epithelia. Nevertheless, in normal development there can be little doubt that the mammary bud is responsible for the differentiation within the dermis ofthe "mammary mesenchyme, " one characteristic ofwhich is the possession of increased levels ofandrogen receptors and, consequently, responsiveness to testosterone. A comparable case may be seen in a recent report (26) , which showed that bladder epithelium, induced to develop prostatic acini by experimental association with mesenchyme of the urogenital sinus, also forms androgen receptors. Dissociation and reaggregation experiments in the embryonic chicken retina led to the suggestion that maintenance of glucocorticoid receptors in glia cells depends on their contact with neuronal elements (27) . Hormone action in the embryonic mammary gland thus depends on tissue interaction in at least two steps: First, as shown here, the epithelium of the early gland induces the formation of receptors, and thereby the development of androgen responsiveness, in the surrounding mesenchyme. In the second step, initiated by testicular hormones on day 14, this responsive mesenchyme mediates the effect of testosterone on the epithelial gland bud and causes its destruction (11, 12) . It seems possible that similar conditions might prevail in other organs, too. Mesenchymal responsiveness to sex steroids, especially to androgens, was also demonstrated for the fetal urogenital sinus (28) and is suggested by autoradiographs of the fetal genital tract and accessory sex organs (29, 30) , as well as of the chicken bursa (31) . It is certainly conspicuous and suggestive that during the phase of sexual differentiation, when androgens control organ morphogenesis rather than tissue function, they do so by acting on the mesenchymal component, which is known to play the dominant role in morphogenetic tissue interaction (e.g., see refs. [32] [33] [34] . The distribution of steroid-binding cells in some of the autoradiographs published by others (29) (30) (31) 35) suggests, in addition, an epithelial influence on mesenchymal hormone binding similar to the one shown here for the mammary gland. If organ-specific tissue interactions were found to regulate receptor synthesis in the adult organism as well, the relevance for pathological processes would be obvious-e.g., for the maintenance of hormone responsiveness in metastases of hormone-sensitive tumors.
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